May 9, 2006 



DECIARATTOW 



The undersigned, Jan McLin Clayberg, having an office at 
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that she is well acquainted with both the English and German 
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punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false 
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document or any patent resulting therefrom. 
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OSSICLE PROSTHESIS 

The invention relates to an ossicle prosthesis, which replaces or spans at least 
5 one member of the chain of human auditory ossicles, in which the ossicle 

prosthesis, on both of its ends, has a first securing element and a second securing 
element for mechanical connection to a member of the ossicle chain, to the 
eardrum or to the inner ear, and between the two securing elements has a ball 
joint, which includes two struts, which are solidly joined to the first securing 
10 element, extend parallel or at an angle to one another, and between them enclose 
a gaplike space, in which a ball is pivotably supported in two recesses in the 
struts, and the ball is part of an elongated shaft which connects the two securing 
elements to one another. 

15 One such device is known from German Utility Model DE 203 10 609 U1 or 
from European Patent Disclosure EP 1 181 907 B1. 

Ossicle prostheses are used, when the ossicles of the human middle ear are 
entirely or partly absent or damaged, to transmit the sound from the eardrum to 

20 the inner ear. The ossicle prosthesis has two ends, and depending on the specific 
given conditions, one end of their ossicle prosthesis is secured, for instance by 
means of a head plate, to the extension of the incus in the human ossicle chain, 
and the other end of the ossicle prosthesis is secured for instance to the stapes of 
the human ossicle chain, or is plunged directly into the inner ear. Often with the 

25 known ossicle prostheses, conducting sound between the eardrum and the inner 
ear is made possible only to a limited extent, 

since these prostheses are only extremely limitedly capable of replacing the 
natural anatomical features of the ossicle chain. 
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Once the prosthesis has been surgically placed in the middle ear and the 
eardrum has been closed again, the so- called healing phase begins. During this 
time, scars form, and these engender unpredictable forces, which can cause the 
prosthesis to shift out of its local position. If there is a rigid connection between the 
5 head plate and the shaft, increased pressure peaks can occur between the edge 
of the head plate and the eardrum, or between the transplant between the 
eardrum and the head plate. These peaks can be so high that they would cause 
penetration of the eardrum. For this reason it is very helpful if the head plate 
postoperatively conforms automatically to the position of the eardrum. Since 

10 moreover the given anatomical conditions of the ear, such as the location, shape 
and size of the stapes, incus, malleus, and eardrum, do vary. It is highly 
advantageous if ossicle prostheses are not embodied rigidly but instead have a 
certain flexibility or variability. To achieve this flexibility/variability, various securing 
and coupling devices for auditory ossicles are known that have elastic parts and/or 

15 joints. One such articulated connection between a securing element, which can be 
mounted on the base of the stapes, and the elongated shaft is described in the 
aforementioned disclosure EP 1 181 907 B1 and is sold by the present Applicant 
under the tradename "Ball-Joint". 

20 Because of the anatomically and genetically dictated range of variation, in 
tympanoplasty, middle ear prostheses of different lengths are needed for 
reconstructing the 

ossicle chain in otology. Unfortunately, at present it Is not possible before an 
operation to know what the actual length needed will be. It is therefore necessary 
25 either to have prostheses of various lengths on hand, which is expensive, or the 
prosthesis must be variable in Its length, so that immediately before its 
implantation it can be adapted individually to the particular patient. Since the 
relative location of the ossicle prosthesis with respect to the eardrum also differs 
somewhat in each person, before the prosthesis Is Inserted the middle ear must be 
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precisely measured with regard to the location of the securing elements. The 
required length of the shaft, however, cannot be determined until during the 
operation, so that for each operation, either a set of prostheses of different 
lengths, or one prosthesis with a variable shaft length, must be made available. 

5 

One favorable way of cutting the shaft to the individual length with liftle effort or 
expense for the shaft and thus more economically is described in European Patent 
Disclosure EP 0 998 884 B1 . Such ossicle prostheses are sold by the present 
Applicant under the tradename "VARIO". In these known prostheses, the shaft 

10 protrudes through a through bore in the first securing element, which is embodied 
as a head plate. The shaft can be displaced axially through the through bore in 
such a way that it protrudes on the outside of the head plate and can be cut to 
length there, and the through bore can be narrowed aftenvard, in order to fix the 
shaft at the desired point. A similar technique for cufting to length is also described 

15 in US Patent 6,168,625 B1 and the associated German Patent Disclosure DE 100 
45 158 A1; in these disclosures, the shaft has many notches along its axis, 
which are meant to serve as rated breaking points for unproblematically cutting the 
shaft to length later during the operation. The thus-created wavy shaft is intended 
to produce increased friction within a receiving part. However, postoperative 

20 automatic compensation for hydrostatic forces engaging the eardrum cannot be 
done here, because if for no other reason the receiving part, together with the 
portion surrounded by it of the wavy shaft, does not form a ball joint. 

By comparison, it is the object of the present invention to improve a generic 
25 device of the type described at the outset such that both a pivot point that can be 
produced with little effort and expense, for attaining a requisite postoperative 
flexibility and variability of the prosthesis, and a shaft that can be adjusted to an 
individual length by simple technical means and therefore also economically, are 
present yet without requiring prostheses of different lengths to be kept on hand at 
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high expense and without requiring the use of complicated special tools for 
individually adjusting the length during the operative implantation of the prosthesis. 

According to the invention, this object is attained in a way that is both 
5 surprisingly simple and effective, in that the elongated shaft includes many balls 
adjoining one another, of which one is the ball in the ball joint, that the elongated 
shaft is displaceable through the gaplike space between the two struts of the ball 
joint, in a direction perpendicular to the struts and toward or away from the first 
securing element and through a perforation in the first securing element, and one 

1 0 each of the balls snaps in a 

snapped-in position between the recesses of the struts, so that a desired length of 
the shaft modulo adjusts the spacing of the balls from one another, and the part of 
the shaft protruding through and past the first securing element can be cut to 
length, and that the gaplil<e space between the two struts of the ball joint can be 

1 5 made narrower for fixation of the shaft after the desired length has been adjusted. 

In the ossicle prosthesis of the invention, the shaft and the ball joint are 
accordingly not separate parts of the prosthesis, as in the case of the prosthesis of 
EP 1 181 907 B1, but instead, because of the construction of the shaft as a "ball 

20 chain", the shaft itself acts as part of the ball joint. As a result, in a wonderfully 
simple way, the advantages of the "Ball-Joint" prosthesis described above are 
combined with those of the "VARIO" prosthesis of EP 0 998 884 81 , and because 
the joint ball and shaft are fused into a single component, the entire device can be 
made even more compact and thus more inexpensively. The automatic 

25 postoperative adjustment of force in the bearing of the ball seat is also very 
important. On the one hand, this adjustment must not be overly great, because 
then no motion occurs; on the other, it must not be too slight, because that could 
lead to defective signal transmission. An optimal solution to this problem is also 
furnished by the device of the invention. 
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An embodiment of the ossicle prosthesis of the invention that can be produced 
in especially compact and therefore economical form is one In which the two struts 
of the ball joint are embodied integrally with the first securing element. 

5 

A further preferred embodiment of the invention includes an ossicle prosthesis, 
in which each of the two struts of the ball joint has at least one and preferably 
plurality of recesses, located side by side, for receiving a ball of the elongated 
shaft, and two recesses of the two struts are always diametrically opposite one 
10 another. As a result, during the operation, the location of the shaft in relation to the 
first securing element, which as a rule will be embodied as a head plate, is also 
variable within certain limits. In this way, in particular, a force adjustment In the 
bearing of the ball joint can be done, so that postoperatively, the head plate 
conforms in its position automatically and optimally to the eardrum. 

15 

An advantageous refinement of this embodiment provides that the recesses 
have the shape of round holes. 

In an alternative embodiment of the Invention, It is provided that each of the 
20 two stmts of the ball joint has at least one oblong-slot-shaped recess for receiving 
a ball of the elongated shaft displaceably in the longitudinal direction of the oblong 
hole, and two recesses of the two struts are always diametrically opposite one 
another. With this provision as well, crosswise shifting of the elongated shaft in a 
direction transverse to its axis can be realized between the two struts, in order to 
25 attain an optimal adaptation of position. 

An embodiment of the ossicle prosthesis of the invention that is especially 
simple and economical to produce is one in which the balls of the elongated shaft 
each have the same outer diameter and are located equidistantly along 
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the axis of the shaft. This also facilitates manipulation as the shaft is cut to length 
during the surgical implantation. 



An embodiment in which the elongated shaft includes a rod element, onto 
5 which balls provided with through bores and then fixed on the rod element are 
slipped, is also advantageous for manufacture. 

It is especially favorable for manufacturing this embodiment if the balls are 
welded to the rod element, preferably by means of laser welding. 

10 

An advantageous refinement of this embodiment provides that the through 
bores of the balls are also produced by means of lasers. 

A refinement of the above-described embodiment of the device of the invention 
1 5 in which the rod element is made from a flexible material Is very particularly 
preferred; this considerably improves the above-described postoperative, 
automatic, optimal adaptation of the position of the implant. 

Other preferred embodiments of the device of the invention are distinguished 
20 in that the securing elements are embodied in plate-, bell-, or ram-shaped form or 
as a clip. In principle, still other embodiments of the securing elements are 
conceivable, but the forms described above have proved themselves especially 
well in practice. 

25 Depending on a patient's individual defect that is to be eliminated or at least 
mitigated in its effects by the use of the ossicle prosthesis of the invention, the 
construction 

of the prosthesis is designed to suit. In many embodiments, the first securing 
element can for instance include a head plate embodied for contact with the 
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eardrum. 



Other features may provide that the prosthesis is secured on one side to the 
incus extension and on the other to the stapes or is plunged directly into the inner 
5 ear. 

In still other embodiments of the invention, the prosthesis is secured on one 
side to the handle of the malleus and on the other to the incus or to the stapes, or 
is plunged directly into the inner ear. 

10 

In this connection, a refinement in which the ossicle prosthesis is located at the 
end point of the malleus (or umbo) or directly next to it is advantageous, because 
then the greatest leverage is attained for mechanically transmitting the sound by 
means of motions in the artificial or natural ossicle chain. 

15 

A further especially preferred embodiment of the device of the invention is 
distinguished in that the ossicle prosthesis is coupled on one end directly to the 
inner ear, particularly via a piston, by means of opening up the cochlea 
(cochleotomy). 

20 

An embodiment of the device of the invention is preferred in which the 
prosthesis or parts thereof are made from biocompatible plastics, in particular 
silicone, or fiber-reinforced materials. This can prevent postoperative rejection 
reactions in most cases. 

25 

The ossicle prosthesis of the invention or parts thereof can be made from 
titanium and/or gold and/or tantalum and/or an alloy of these metals. 

Embodiments of the invention in which the prosthesis or parts thereof are 
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made from a material with sliape memory (memory effect), In particular Nitlnol, are 
advantageous with a view to the aforementioned postoperative adaptation of 
position. 

5 An embodiment of the device of the invention in which the distribution in terms 
of mass of the individual parts of the prosthesis is calculated as a frequency of a 
desired, predeterminable frequency response of the conduction of sound In the 
middle ear, is very particularly preferred. With it, tuning of the sound propagation 
properties can be achieved to a certain extent by means of an individually 
10 designed ossicle prosthesis. 

This kind of tuning effect can be attained in special embodiments, for instance 
in that at least one additional mass is secured to a part of the ossicle chain or the 
prosthesis as a function of a desired, predeterminable frequency response of the 
1 5 conduction of sound in the middle ear. 

In advantageous refinements of these embodiments, the additional mass is 
secured by means of a clip to a part of the ossicle chain or of the prosthesis. 

20 A further embodiment of the invention, finally, is distinguished in that the 
prosthesis is connected to an active vibrating part of an active, in particular 
implantable, hearing aid. Thus even extensive hearing damage over wide ranges 
can be eliminated or at least substantially mitigated in its effects by using modern 
electronics. 

25 

Further characteristics and advantages of the invention will become apparent 
from the ensuing detailed description of exemplary embodiments of the invention 
in conjunction with the drawing figures, which show details essential to the 
invention, and from the claims. The individual characteristics can each be realized 



-8- 



individually or a plurality of them in arbitrary combinations In variations of the 
invention can be attained. 

In the schematic drawing, exemplary embodiments of the invention are shown, 
5 which are explained in further detail in the ensuing description. 

Shown are: 

Fig. 1 , a schematic three-dimensional view of one embodiment according to 
10 the invention, having a first securing element embodied as a head plate and a 
ram-shaped second securing element on the other end of the elongated shaft, the 
elongated shaft with the balls not yet having been inserted into the gaplike space 
between the two struts; and 

15 Fig. 2, a further embodiment, with a second securing element that is bell- 
shaped instead of ram-shaped, and in which the elongated shaft with one ball has 
already snapped in the snapped-in position between the recesses of the struts. 

The ossicle prosthesis 10 shown in Fig. 1 has a first securing element 1 1 , 
20 which is embodied in the form of a head plate for contact with the eardrum. On the 
other end of the ossicle prosthesis 10. a second securing element 12 is provided, 
which in the present exemplary embodiment is embodied in ram-shaped form. The 
first securing element 1 1 includes two diametrically opposed struts 13, 13', which 
between them enclose a gaplike space and which each have two recesses 15, 15', 
25 located side by side and in the present exemplary embodiment embodied as round 
holes. An elongated shaft 16 is thrust into this gaplike space and includes a 
plurality of balls 14, 14', 14", adjacent to one another, and the second securing 
element 12 is mounted on the end of this shaft facing away from the first securing 
element 1 1 . 
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For adjusting the desired sliaft length, the shaft 16 is thrust in the axial 
direction through the gap between the two struts 13, 13' and a perforation 17, 
provided for this purpose, in the first securing element 1 1 until, in the desired 
position, a ball 14 snaps into place between the two recesses 15. The two struts 
13, 13*. the ball 14, and the two recesses 15 then together form a ball joint. 

This situation Is shown in Fig. 2, but here the second securing element 22 of 
the ossicle prosthesis 20 is embodied as bell-shaped. As soon as the ball 14 has 
snapped into the two diametrically opposed recesses 15 in the struts 13, 13', the 
shaft 16 can be cut to the desired final length between the snapped-in ball 14 and 
the balls 14' adjacent to it, for instance by means of cutting tongs or some other 
suitable microinstrument. 

The relative position of the shaft 16 with respect to the first securing element 
1 1 can be varied by positioning the ball 14 not between the two recesses 15, but 
offset in parallel between the two recesses 15' of the struts 13, 13'. 
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